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@) Surface-roughened film and method for fabricating thereof. 



(57) A surface-roughened film having good transparency/exceptional clarity and high lubricity and useful 
as a photoengraving material, a label, packaging film, a magnetic recording film, and a clear film is 
formed of a composition comprising thermoplastic polyester resin (a) a thermoplastic resin (b) having a 
glass transition temperature higher than that of the thermoplastic polyester resin (a), a critical surface 
tension which differs by more than 0.1 dyne/cm from that of the thermoplastic polyester resin (a), and a 
melt viscosity at a temperature of 280°C and shear rate of 10 2 sec -1 , of 500 to 50,000 poise; and 
optionally a particulate inorganic compound (c), and has protuberances cored with the thermoplastic 
resin (b) on at least one surface thereof. 
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BACKGROUND OF THE INVENTION 



Technical Field of the Invention 



5 This invention relates to a surface-roug frgn ftd film anH mothnHo fa r fabricating such a film. T he surface- 

jp | roughened film has good transparency/exce ptional clarity and high lu bricity so that it is useful for a photoen- 

tAZ^ ^ graving material, a label, a packaging film/a magnetic recording filrg^ and a clear film. 



Description of the Prior Art 
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A polyester film represented by a polyethylene terephthalate film exhibits exceptional physical and chem- 
ical properties, so that it can be applied for various products such as a magnetic recording material, a wrapping 
material, an electrical material, a sensitized material, and many photographic materials. 

For example, it is well known that the polyester films dominate the market share in the magnetic tape in- 

15 dustries and the lubricity (slip characteristics) of the film significantly affects operativity in manufacturing proc- 
ess or succeeding working process of the films and, in turn, affects the quality of intermediate or end products. 

In order to obtain this lubricity, such a method is generally employed to previously incorporate particulate 
i norganic compounds into a polymer to generate irregularity on the s urfed h y moanc nf Wi^ w j n q Such a tech- 
nique is proposed in, for example, the Japanese Patent Unexamined Prepubrication No.63-1 37927, where it 

20 is difficult to uniformly disperse fine particles because the particulate inorganic compounds tend to aggregate 
or agglomerate with each other. With respect to this, other technique disclosed in, for example, the Japanese 
Patent Unexamined Prepubrication No.63-66222 employs a method such that the particulate inorganic com- 
pounds are added to the polymer on its polymerization. 

Recently, transpalent films are in great demand and the higher transparency is required for the polyester 

25 film, which is so called "thick-walled film", having film thickness in the range of 50 to 200 urn which is for use 
in a microfilm, an electrophotograph, an X-ray photograph, a diazo print, a slidef ilm (f ilmstrip) for an overhead 
projector (OHP), a label, and a laminated film. Generally, a thick film absorbs and scatters more light compared 
with a thin film, upon its transmission through the film, so that the transparency may essentially be degraded 
though the thick-walled film having high transparency also have been commercially available. 

30 However, as described below, such films are relatively not easy to be handled. More particularly, films are 

fabricated generally in various steps such as a drawing step, a rolling step, a slitting step, and a working step 
before to be used as the end products. It is indispensable to prevent blocking of the film or to add the lubricity 
to the film for facilitating handling thereof when passing through these steps. Troublesome handling in these 
steps results in defected end products. In order to facilitate this handling, the film is usually incorporated with 

35 particulate inert materials of inorganic compound to cause adequate irregularity on the film surface and thereby 
preventing blocking of the films. In addition, incorporation of such particles contributes to the proper lubricity 
between films and, in turn, to prevention of troubles accompanying with rolling-up of films used as the inter- 
mediates or end products. The above-mentioned lubricity of the film is improved with reducing troubles in va- 
rious processes by increasing the volume of added particles, whereas it is disadvantageous in that the resultant 

40 lower transparency of the film will cause some loss of desired optical characteristics and visual appearance of 
the film. 

On the other hand, it is necessary for increasing desired transparency of the film to reduce the volume of 
the added particulate inert materials of inorganic compound, resulting in lower lubricity of the film and causes 
many handling troubles in various steps. One example of such handling troubles caused by the lower lubricity 

45 is that small protuberances are generated on the film surface of a rolled film upon rolling up the films after 
drawing. Excessive generation of such protuberances may cause not only bad appearance of the film but also 
considerable damages to the film used in industries where precision and accuracy for the film transparency 
are required for optical, photographic, or graphical purposes. Thus, it is difficult to satisfy both transparency 
and lubricity, which are the antipodal properties of the film. 

so in addition, in the above-mentioned method where the particulate inert materials of inorganic compound 

areaaoea, it s ploducliv i ly of f il m n in nirrnnlii uj l j i nw h^rflinft nf rlf^jjinj of n tt^ti w i th thffinnrrj n ni p particles 
in filtering process on melt film formation, while a screen having the larger mesh size may allow some foreign 
matters to be incorporated into the film, which is disadvantageous in that such a film is often broken down on 
its drawing. Further, even a small amount of inorganic particles being added may cause wearing of T-die lip 

55 or T-die blade if melt film formation is last over a long time. Accordingly, to overcome the above-mentioned 
problem has long been desired. The incorporated particles also affect to lifetime of a knife used in slitting proc- 
ess or other cutting process of the film, that is, exceedingly short-wearing knife will necessitates frequent re- 
placement of the knife resulting in reduced productivity. In addition, the film with some additive or foreign matters 
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is disadvantageous when being used for a magnetic tape or other magnetic recording media, because a head 
of a recorder may be worn by its incorporated particles. 

Conventionally, most of the solutions have been proposed for the above-mentioned "thick- walled film" by 
means of compromising between transparency and lubricity of the film rather than consisting them together. 
5 For example, the compromise solutions are to highly control processing conditions with an expensive plant in- 
vestment to a processing device and to reduce processing speeds or take-up speeds. 

However, it would be highly desirable also for a thick-walled transparent film to essentially provide both 
transparency and lubricity of the film witht improving a device for fabricating such a film in view of the necessity 
for increasing processing speeds and improving productivity. 

10 

Object of the Invention 



An nhjenfr pf tha present invention is to provide a polyesterf ilm having, in particular, good transparency/ex- 
ceptional clarity and hioh lub ri ci t y with recent »n th n n hw 
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Summary of the Invention 

H ( According to a first aspect of the present invention, a surface-roughened film is comprising a composition 

P I p^Zf (k\ (I) containing a thermoplastic polyester resin (a) in the range of 97 to 99.99 wt%: and a thermoplastic resin 

20 (b) in the range of 0.01 to 3 wt.%,oLwhich glass transition temperature is higher than that of the thermoplastic 
JLL rMo^^^ polyester resin (a) and the clitical s urface tension thereo f Js more than 0.1 dvne/cm difference from that of th e 

fU£fPt0f thermoplastic polyester resin (a), and melt viscosity is. at a temperature of 280°C and share rate of in2 g p^-i 

>>*T"W in the range of 500 to 50,000 poise, or is a laminated film laminated with other polymers such that sajd com- 

Td?^ J ^po sition (I) is formed on at least one surface thereof characterized in that mte ro-prnhjherances cored with the 

J 25 thermoplastic resin (b) are generated on the surface of the film or that of the laminated film . 

p , \J- Preferably, a three dimejitjon al center plane average roughness (SRa) of the surface-roughened film is 
f~ C&s>**4 ™ $ within a range o ftEOQS to 0.05 um^ and a three dimentional ten point average roughness (SRz) is within a range 
> *~ of 0^06 to 0.4 jim. 

According to a second aspect of the present invention, a surface-roughened film is comprising a compo- 
30 sition (II) containing a thermoplastic polyes ter resin (a) in the ran ge.of_96^9_to_99.9899 wt% : a thermoplastic 
resin (b) in the range of 0.01 to 3 wt^: a nd particulate inert materials of inorganic compound (c) in the range 
of 0.0001 to 0.1 wt.%, of which average particle size is in the range of 0.2 to 4.0 urn, or is a laminated film 
laminated with other polymers such that said composition (II) is formed on at least one surface thereof char- 
acterized in that microprotuberances cored with the thermoplastic resin (b) are generated on the surface of 
35 the film or that of the laminated film. 

Preferably, the three dimentional center plane average roughness (SRa) of the surface-roughened f ilmJs 
within a range of 0.007 to 0.07 urn, an d the rhmR riimftntinn gl ten point average roughness (SRz) Js ^ wri thina 
r ange of 0.1 to 0.5 urn. ^ 

In the first and second aspects of the present invention, it is preferable that a refractive index of the ther- 
40 moplastic resin (b) is in the range of 1.45 to 1.68 and mean dispersed particle size is in the range of 0.01 to 
jl.O urn. 

According to a thir d aspe ct of the present invention , a method for making a surface-roughened film char- 
acterized by comprising a step of drawing by a factor of one an<j hajf in at Ift^ op^ f fl'r ertinn, ■■nrfmwn film 
I comprising a composition (I) containing a thermoplastic polyester resin (a) in the range of 97 to 99.99 wt% ; 

g5 45 anria the rm o plastic resin (h)"in the , mPQ tt ? f 0 n 3 Vv3 wt.%_^or a laminated film laminated with other polymers 
suchthat said composition (I) is formed on at least one surface thereof, at the glass transition temperature of 
the thermoplastic polyester resin (a) through the range of the glass transition temperature of the thermoplastic 
resin (b). 

\\ fa According to a fourth aspect of the present invention, a method for making a surface-roughened film char- 
so acterized by comprising a step of drawing by a factor of one and half in at least one direction, an undrawn film 
comprising a composition (II) containing a thermoplastic polyester resin (a) in the range of 96.9 to 99.9899 wL%; 
a thermoplastic resin (b) in the range of 0.01 to 3 wt.%; and particulate inert materials of inorganic compound 
(c) in the range of 0.0001 to 0.1 wt.%, of which average particle size is in the range of 0.2 to 4.0 urn, or is a 
laminated film laminated with other polymers such that said composition (II) is formed on at least one surface 
55 thereof, at the glass transition temperature of the thermoplastic polyester resin (a) through the range of the 
glass transition temperature of the thermoplastic resin (b). 
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Detailed Description of the Preferred Embodiments 



J The compositions of thermoplastic polyester resin according to the present invention '* hased Q" « rnng. 

binatiort of mixed residues gf aromatic dicarboxylic acid, aliphatic diol and/or alicvclic diol. 
5 The following are exemplified species containing the aromatic dicarboxylic acid: 1 , 4-benzenedicarboxylic 

acid (terephthalic acid), 1 t 3-benzenedicarboxylic acid (isophthatic acid), and naphthalene dicarboxylic acid. 
The aromatic rings of these aromatic dicarboxylic acids may be substituted by halogens, alkyls or other sub- 
stituents. 

The following are exemplified species containing the aliphatic diol and/or alicyclic diol: 1 ,2-ethanediol (ethy- 
10 lene glycol), bis(2-hydroxyethyl) ether (diethylene glycol), 1,2-propanediol (propylene glycol), 1,3-butanediol 
(butylene glycol), 2,2-dimethyl- 1,3- propanediol (neopentyl glycol), and cyclohexylene dimethanol. It is possible 
to contain two or more of combined aliphatic diol and/or alicyclic diol. 
Jfe/ The following are exemplified species of the thermoplas tic polyester resin fa): pol yethylene terephtha- 
late(PET ), pm yfnityiftnn fr» re p h thalate (PBT), polyethylene-2,6-naphthalate (PEN ) , p oly-1 . A^ cyci nh Q xy iAnA-di- 
rnethylene terephthalate (PCT) and poly-p-ethylene oxybensoate (PEOB). These resins satisfy requirements 



^ for the polyester resin for films in an economic ana eniaent manner, it is noted mat a glass transition temper- 
f & ature (hereinafter, referred as Tg) of the thermoplastic polyester resin (a), which is important relative to Tg of 



the thermoplastic resin (b), can be measured by means of a differential scanning col o rime try (DSC) technique. 
^he value of this glass transition temperature is generally 70°C for the PET, 50°C for the PBT, 120°C for the 
Kp^fu 20 P EN » 95 ° c f or the PCT, and 6Q°C for the PEOB. It is readily understood that other components may be incor- 
porated in to These thermoplastic polyester resin as a copotymerized components to such a degree that the film 
formation is not interfered. It is also readily understood that the thermoplastic polyester resin (a) may be formed 
with a composition of PET and the thermoplastic polyester resin (a) other than PET. 

There is no restriction regarding to a molecular weight of the thermoplastic polyester resin (a) used in the 
25 present invention and only the necessartty is the film formation ability thereof. However, it is preferable that 
the intrinsic viscosity thereof is not less than 0.4(dl/g), measured at a temperature of 25°C being solved in a 
mixed solvent of phenol/tetrachloroethane of 1 :1 (weight ratio). . r^y 

<7 £51^ k> The thermoplastic resin (b) used in the present invention has Tg higher than that of the thermoplastic poly- ^ I *yn<ZS 
ester resin (a) and the critical surface tension which is more than 0.1 dyne/cm difference from that of the ther- ^ J^, 
^J^fso moplastic polyester resin (a). Such Tg and critical surface tension is determined so as to satisfy the following J 
Mb ^ requirements. Composit ion formed by the thermo plastic polyester resin (a) as a matrix component (continuou s 
^ phase) and the ther moplastic resin (D) as an island component (dispersed phase) as a result of molten mixture 

T< ^ffie"The TTTTOpiajtic^^ resin (n) and the thermoplastic resin (b). This mixture is extruded in the form of ^ 
IPfilm and then drawn into the surface-roughened film . Thus, the present invention will not be achieved when <^77f)f T"fc<XS_- 
35 the clitical surface tension of the thermoplastic resin (b) is equal or approximate to that of the thermoplastic ^ ^ 

polyester resin (a) because of the compatibility between the thermoplastic polyester resin (a) and the thermo- 
plastic resin (b). In addition, lower Tg of the thermoplastic resin (b) compared with that of the thermoplastic 
polyester resin (a) causes the thermoplastic resin (b) to be deformed into smooth plane when the thermoplastic 
polyester resin (a) is drawn. This means that the thermop lastic resin (b) is hindered to be cored (i.e. the island 
40 c omponents of the therm oplastic resin (b) are formed as a cam In tlm thermoplastic poly ester resin (a) becarjsd 
^ oTnon-compatibilitv therebetween) ana tne desired micro-protu berances on the film surface Will nut u» yui iter- 
ated. There is more than 0.1 dyne/cm difference in the clitical surtace tensions or tne tl iei i neop l as t ic po l yoc tec 
resm(a) and the thermoplastic resin (b) f and more preferably, is more than 0.5 dvne/cm. In addition. To of the 
thermoplastic polyester resin (a) is preferably 10°C higher than, and m ore preferably, 20°C higher than Tg of 
45 the thermoplastic resin (b). " " ~ ~~ ~*"* 



^ It is necessary that the melt viscosity of the thermoplastic resin (b) at the temperature of 280°C and the 
^ V* share speed of 10 2 sec- 1 is in the range of 500 to 50,000 poise, and is preferable in the range of 1 ,000 to 30,000 
^ poise. When the melt viscosity is lower than 500 poise, then smaller particles of the thermoplastic resin (b) are 
Tf \ \ P dispersed in the matrix of the thermoplastic polyester resin (a), which results in insufficient lubricity of the film. 
of? so On the other hand, when the melt viscosity is higher than 50,000 poise, then larger particles of the thermoplastic 
resin (b) are generated resulting in insufficient transparency of the film. The refractive index of the thermoplastic 
resin (b) is preferably in the range of 1.45 to 1.68. The film with the refractive index of less than 1.45 exhibits 
the film with insufficient transparency. The transparency is improved as the refractive index approaches to 1 .68. 
The refractive index of more than 1.68 may be applicable while the thermoplastic resin having such viscosity 
55 of more than 1 .68 is not readily available . In the surface-roug hene d film according to the present inve ntion, 
jhft thermnpifls tic resin (b) of the island component is aisperseo in tne thermoplastic polyester resin (a) of the 
matrix component In this event, it is preferable that th * tfiftr^p'afttir. m*in (h) is Hispflrsed j n frhe form of ap- 
proximately spher e particles. KreTerably, the average dispersion particle size is in the range of 0.005 to 2. 0 
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^rfx^ntj mom pm f n n h l y , jp th g ranga nf Q .Q1 tn U^im 

In the surface-rouahened film according to the present invention, the micro-protuberance are gen erated 
en the Surface of the film with thermnpiagtir. mcin (fr) h eing cored thereof when particulate inert materials of 



10 




25 



inorganic compound (c) described below are notcontain eo^Preferably. surface roughness of the film is in ther^ 
range of 0.001 to 0.1 um , an/fl rpnro pref grahly in the ranpe of 0.005 to 0 .05 urn, measured by tfaeJt hree dimen - 
*-ti onal center plane average roughness (SR a) and in the range of 0.01 to 0.8 um, and more preferably, in the 
range of 0.06 to 0.4 urn, measured hy {he thrift riimpnti^ nal ten point average roughness ( SRz^. The lubricity 
of the film is not suff icienTwith SRa of smaller than 0.001 um and with SRz of smaller than 0.01 um while the 
transparency of the film is not sufficient with SRa of larger than 0.1 um and with SRz of larger than 0.8 um. It 
is noted that SRa represents the mean distance of the peak and valley from the center plane where the total 
area of the island is equal to that of the matrix on the film surface. SRz represents the distance between the^J 
average of first to fifth highest peaks and the average of first to fifth deepest valleys. 
*€ ^ /CT^ The thermoplastic resin (b) used in the present invention exemplifies polystylene, p ol ymethvl methacrylate , 
~>vS ^polycarbonate, polvarvlate. polvethersul phone, amorphous nylon, amorphous polyorefin. and maleimide, co- 
polymeric resin ■ 

For use inthe above-mentioned amorphous nylon, polyamides are adequate which contain, as its copoli- 
merized components, 5-tert- butyl 1,3-benzenedicarboxylic acid (5-tert-butyl isophthalic acid), 
1 ,3-trimethyl-3-phenylindan-3',5-dicarboxylic acid, 
3-aminomethyl-3,5,5-trimethyl-cyclohexylamine, 
1 ,3-diaminocyclohexane, 
m-xylylendiamine, 

1.3- bis(aminomethyl) cyclohexane, 
2,4,4-trimethy) hexamethylenediamine, 
bis(4-aminocyclohexyl) methane, 
bis(4-amino-3-ethylcyclohexyl)methane. 

Such polyamide can be obtained by means of well-known polycondensation technique in combination with 
polyamide forming components such as 

1.2- diaminoethane(ethylenediamine), 

1.4- diaminobutane(tetramethylenediamine), 
1 ,6-diaminohexane(hexamethylened iamine), 
phenylened iamine, 
hexanedioic acid(adipic acid), 
decanedioic acid(sebacic acid), 
cyclohexanedicarboxylic acid, 

1.3- benzenedicarboxylic acid (isophthalic acid), 
1,2-benzenedicarboxylic acid(phthalic acid), 

1.4- benzenedicarboxylic acid (terephthalic acid), 
naphthalenedicarboxylic acid, 
c-aminocaproic acid, 
ca-aminododecanoic acid, 
aminobenzoic acid, 
8-caprolactam and o-laulolactam. 

Preferably, Tg of the amorphous nylon is at least 10°C higher than, and more preferably, at least 20°C higher 
than Tg of the thermoplastic polyester resin (a). The surface-roughening may be more effectively made with 
the higher Tg. However, it is preferable that Tg is not higher than 200°C with respect to processability on melt 
molding. 

The maleimide copolymeric resin used in the present invention contains at least groups of monomers of 
maleimide and aromatic vinyls, and if necessary, also contains unsaturated dicarboxylic anhydride monomers 
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£^ and other copolvmerizable monomers. 

( so The following are representative of monomers of such male im ides: 

maleimide, 
N- methyl maleimide, 
N-ethylmaleimide, 
N-propylmaleimide, 
N-hexyl maleimide, 
N-cyclohexylmaleimide, 
N-phenylmaleimide, 
N-toIyi maleimide, 
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N-(pheny1halide)maleimide, 
N-(alkyl phenyl )maleimide, 
N-(nitrophenyl)maleimide, 
N-(hydroxyphenyl)maleimide, 
5 N-naphthylmaleimide, 

a-chloro-N-phenylrnaleimide, and a-methyl-N-phenylmaleimide. 

The following are representative of the aromatic vinyl monomers: styrene, a-methylstyrene, vinyltoiuene, 
t- butyl stylene, and stylene halide. 

The following are representative of the unsaturated dicarboxylic anhydride monomers: maleic anhydride 
10 (2,5-furandione), methyl maleic anhydride, 1,2-dimethyl maleic anhydride, ethyl maleic anhydride, and phenyl 
maleic anhydride. 

The other copolymerizable monomer is acrylic monomer, which represents: methyl acryl ate, methylmetha- 
crylate, ethylacrylate, ethylmethacrylate, butylacryfate, butylmethacrylate, hexylacrylate, hexylmethacrylate, 
cyclohexylacrylate, cyclohexylmethacrylate, decylacrylate, decylmethacrylate, octadecylacrylate, octadecyl- 
15 methacrylate, hydroxyethylacrylate, hydroxyetylmethacrylate, methoxyethylacrylate, methoxyethylmetacry- 
late, glyctdylacrylte and gJycidylmetacrylate. 

The maleimide copolvmeric resin used as the thermoplastic resin (b) in the present invention exemplifie s 
/j^l t ~ by comprising maleim ide monomer of 5 to 50 mol%. aromatic vin yl monomer of 30 to 90 mol%. unsaturated 

^ dicarboxylic anhydride monomer of 0 to 50 mol% and other cooolimerizable monomers of 0 to 50 mol%. With 

the aromatic v|py| m nnftmftr mnrg t^ an 90 mol%, Tg of the m aleimide copolymeric resin will be un preferably 
reduced. With the maleimide monomer of more than 50 mo)% or the un satu r ated d i ca r boxy l ic a n hydride mono- 
mer of more than 50 mol%, it is un preferably difficult to industrially manufacture homogeneous copolymeric 
regin. It is also unpreferable that the other copolymerizable monomer is more than 50 mol% because Tg of the 
maleimide copolymeric resin is reduced and the heat stability of the composition is reduced. 
25 The maleimide copolymeric resin used in the present invention can be made by means of well-known free- 

radical polymerization technique. The other producing method for the maleimide copolymeric resin is to react 
the copolymer of the unsaturated dicarboxylic acid anhydride monomer, the aromatic vinyl monomer and, if re- 
quired, other copolymerizable monomer group with ammonia or primary amine to make all or a part of anhydride 
groups thereof into imides. The maleimide copolymeric resin can be manufactured by means of this reaction 
30 into imides between the polymers having the anhydride group and amine compounds according to methods 
disclosed in, for example, Japanese Patent Examined Publication Nos. 61-26938 and 62-8456. 
^ The maleimide copolymeric re s in used in the present invention has To which is 10°C higher than, and more 

"-7 I 2* preferably, 20°C higher than that of the thermoplastic polyester resin (a). If Tg of the maleimide copolymeric \i*$*J 

resin is equal to or lower than that of the thermoplastic polyester resin, the drawing of the'TllrrlTIPiatte of their 0 V 
b 35 composition will cause plastic deformation of the maleimide copolymeric resin therein and fine irregularities f&^afr 

on the surface of the film will not enough to be generated. With the maleimide copolymeric resin having Sljch ^ ^C^*f 1 

fewer Tg, the resulting polyester film has insufficient lubricity. x ^ 

There is no restriction regarding to the molecular weight of the maleimide copolymeric resin used in the 
present invention, and such molecular weight is well enough to such a degree that melt viscosity of 500 to 
40 50,000 poise can be obtained at a temperature of 280°C and the shear speed of IfPsec- 1 . 

In the present invention, it is preferable to use amorphous polyolef in as the thermoplastic resin (b) of which 
Tg is at least 10°C higher than that of the thermoplastic polyester resin (a) such as a copolymer of norbor- 
nene/ethytene, a hydrogenate of ring opening polymer of dicyclopentadiene, random copolymers of ethy- 
lene/1 ,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalenes (for example, 
45 ethylene/2-ethyt-1 ,4,5,8-dimethano-1 ,2,3,4,4a, 5,8,8a-octahydronaphthalene, 
ethyl ene/2-m ethyl- 1 ,4,5,8-dimethano-l ,2,3,4,4a,5,8,8a-octahydronaphthalene, 
ethyleney2-propyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 
ethylene/2-hexyl-1 f 4 f 5,8-dimethano-1, 2,3,4,4a, 5,8 t 8a-octahydronaphthalene, 
ethytene/2-stearyl-1,4,5,8-dimethano-1 f 2,3,4,4a,5,8,8a-octahydronaphthalene, 
so ethyteneV2,3-dimethyi-1 ,4,5,8-dimethano-1 ^.S.^a.S.S.Sa-octahydronaphthalene, 

ethylene/2-methyl-3-ethy1-1,4,5,8-dimethano-1, 2,3,4,4a, 5, 8, 8a-octahydronaphthalene, 
ethylene/2-chloro-1,4,5,8-dimethano-1,2,3,4 t 4a ( 5 ( 8 t 8a-octahydronaphthalene, 
ethytene/2-bromo-1,4,5,&-dimethano-1,2,3 ( 4,4a,5,8,8a-octahydronaphthalene, 

ethylene/2-f luoro-1 ,4,5,8-dimethano-1 ^S^^a.S.S.Sa-octahydronaphthalene, and ethytene/2,3-dichloro- 
55 1,4,5,8,8-dimethano- 1,2,3,4,4a, 5, 8,8a-octahydronaphthalene) and copolymers of ethylene and at least one cy- 
clic olefin selected from a group including cycloalkene and tricycloalkene (for example, bicydo[2.2.1]hepto-2- 
ene, 

6-methylbicyclo[2.2.1]hepto-2-ene, 
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5,6-dimethylbicyclo[2.2. 1 ]hepto-2-ene, 

1- methylbicyclo[2.2.1]hepto-2-ene f 
6-ethylbicyclo[2.2.1 ]hepto-2-ene ( 

6- n-butyl bicyclo[2 .2 . 1 ]hepto-2-ene , 
5 6-hbutylbicyclo[2.2.1]hepto-2-ene, 

7- methylbicydo[2.2.1]hepto-2-ene, 
lricyclo[4.3.0.1 2^1-3-decene, 

2- methyltricyclo[4.3.0.1 2 « 6 ]-3-decene, 
S-methyltricycloK.a.O.I^-S-decene, 

10 tricyclo[4 .4.0.1 ^sj-S-decene, 

and 1 0-methyltricyclo[4.4.1 .l^-S-decene). 

The typical amorphous polyolef in used in the present invention is copolymer of ethylene and the above- 
mentioned cyclic olefin. The content of the cyclic olefin component in the copolymer is generally more than 10 
mol% and less than 60 mol%, and that of the ethylene component is generally more than 40 mol% and less 
15 than 90 mol%. Other copolymerizable unsaturated monomer component may be copolymerized with these two 
components, depending on necessity to such a degree that the object of the present invention can be achieved. 
The copolymerizable unsaturated monomers are, for example, aolef in in C 3 to C20 such as propylene, 1-butene, 
4-methy lpentene-1 , 1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octade- 
cene, and 1-eicosene, cyclopentene, cyclohexene, 3-methylcyclohexene, cyclooctene, 1,4-hexadiene, 4-me- 
20 thyl-1-hexadiene, 5-methyl-1 ,4-hexadiene, 1,7-octadiene, dicyclo pentad iene, 5-ethylidene-2-norbonene, 5-vi- 
nyl-2-norbonene, tetracyclodecene, 2-methyltetracyclodecene, and 2-ethyltetracyclododecene. 

The copolymer may be made with a liquid phase polymerization method. The cyclic olefin copolymer can 
be obtained in accordance with a method disclosed in, for example, Japanese Patent Unexamined Prepubli- 
cation No. 61-271308. 

The amorphous polyolef in used in the present invention has Tg which is at least 1 0°C higher, and preferably 
at least 20°C higher than Tg of the thermoplastic polyester resin (a). If Tg of the maleimide copolymeric resin 
is equal to or lower than that of the thermoplastic polyester resin, the drawing of the film made of their compo- 
sition will cause plastic deformation of the maleimide copolymeric resin therein and fine irregularities on the 
sur face of the film will not enough to be generated. 
30 f ' There is no restriction regarding to the molecular weight of the maleimide copolymeric resin used in the 
present invention, and such molecular weight is well enough to such a degree that melt viscosity of 500 to 
J50.000 poise can be obtained at a temperature of 280°C and the shear speed of lO^sec 1 . 

In a case where the surfanft-mughened film according to the present invention contains the particulat e 
inert materialsof inoroanic_comDound (c) r these particles are added into the film at any time. However, it i s 
Y \ %5 more effective to add at an optional timing during estelrfication process proceeds to the substantial polycon- 
densation. It is also possible to directly incorporate these particulate inert materials of inorganic compound into 
Y the thermoplastic polyester resin (a) with no particulate inert materials of inorganic compound and mix them 

into a resin to be filmed. However, such method requires the particulate inert materials of inorganic compound 
(c) being well uniformly dispersed in the thermoplastic polyester resin (a). 
40 In order to sufficiently disperse the particulate inert materials of inorganic compound (c) in the thermo- 

plastic polyester resin (a), the particles should be grind into primary particles by using well-known devices such 
as an agitator, a sand mill, and a high-pressure dispersing machine. It is understood that a well-known poly- 
merization method is preferably applied such that the particles are prevented from being aggrigated or agglo- 
mated with each other in the thermoplastic polyester resin (a) or that a dispersing agent should be added. 
45 In addition, in order to improve adhesive properties to the thermoplastic polyester resin and to prevent oc- 

currence of voids, the surface of the particulate inert materials of inorganic compound (c) may be previously 
treated. In this event, it is possible to use both chemical treatment such as treatment with silane coupling agent 
and a method applying to coating of acrylic compounds such as acrylic acid and acrylic ester and physical 
treatment such as corona (discharge) treatment. 
A, so Preferably, an average particle size of the particulate inert materials of inorganic compound (c) accordi ng 

fj *° T > to the present invention is within a range of 0.2 to 4.0 urn, and more preferably, within a range of 1 .0 to 3.5 ysc\. 

o€i(* x ^ the particulate inert materials of inorganic compound (c) having the average particle size of smaller than 0.2 
jj \un will not contribute to effectively improve the lubricity of the film, that is, there is no meaning to add such 

particles. On the other hand, the average particle size of larger than 4.0 |jm serves to degrade the film ap- 
1 55 pearance into an unclear or opaque film because the appearance of the particles is highly related to its size. 

In addition, the refractive index of the particulate inert materials of inorganic compound (c) is preferably in the 
range of 1.40 to 1 .68. If the refractive index is less than 1.40, which is significantly different from the refractive 
index of the polyester matrices, the transparency of the film will be decreased because of high reflection and 
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retraction of light at interfaces between dispersed particles and polyester resin matrices. The transparency of 
the film is improved as the refractive index approaches to 1 .68, which is approximate to the refractive index of 
the drawn polyester film. The following minerals are generally but not limited to used as the particulate inert 
materials of inorganic compound: silica, calcium carbonate, alumina, talc, kaolin, zeolite, and al urn i no- silicate. 
5p The only important factor is the particle size. 
y^f' co ^ tgj T he amount of the particulate inert materials of inorganic compound (c) used in this invention is preferably 
O^Zaft 1 i njherange of 0.0001 to 0.1 wt.%, and more preterapiy, u.uum to 0.05 wt.% t of the composition to be filrrWo^ 
/) ^f^Q % t When the particulate inert materials of inorganic compound (c) are contained in the surface-roughened 
tO&?£ film according to the present invention, itj^ preferable that the surface roughness SRa of the surface-mug f\- 
*2*fio ened film is in the range of 0.001 to 0.2 um and 0.007 to 0.07 urn is m ore preferable, and that SRz is within 
T rTe range ofO .1 to 2 0 jum. which i s more preferable in the range ot u.i to 0.5 urn. The lubricity is insufficien t 
with SRa of smaller than 0.001 urn and SRz of smaller than 0.1 whjla fo a transparency of the film is insuf- 
TCjent with SRaof larger than_0.2 urn gpd SRz of larpar than ? n^.m 

The surface-roughened film according to the present invention may include, except for the particulate inert 
15 materials of inorganic compound, well-known organic slip agents, lubricants, antioxidants, anti-weathering 
\ V L y^^Bgents, f lame-retardants, antistatic agents, and some colorants to such a degree that the object of the present 
&&^J^*^\\nvenl\on can be achieved. 

^ (U ) The volume of the thermoplastic resin ( b ) used for the surface- rough ened film according to this inve ntion 
t gfi isjn the range of 0.01 to 3.0 wt.% of the composition to be filmed, and preferably, in the range of 0.05 to 0 .5 
iT 20 wt.%. This amount of thermoplastic resin (b) applied to the thermopla stic polyester resin (a) can be controlled 
~ '" size of supniicron *'- e - smaller than 1 urn) due to shearing stress wh en being melt ana mixea Tn~a~stngtB~of" 

J*J I t win screw extrude r. ~ ' ■ 

0 With the surface-roughened film of the present invention, the effects of the invention can be equally ob- 

tained in a condition where one or more kinds of thermoplastic resins (b) are incorporated in the thermoplastic 
25 polyester resin (a). However, more advantageous effects can be obtained with the particulate inert materials 
of inorganic compound (c) in the range of 0.0001 to 0.1 wt.%, and more preferably, 0.0001 to 0.05 wt.%, co- 
existent with the thermoplastic resin (b). 

A surface-roughened film of the present invention may be a single-layer film comprising a composition con- 
taining the thermoplastic polyester resin (a) and the thermoplastic resin (b) or the single-layer film comprising 
a composition containing the thermoplastic polyester resin (a), the thermoplastic resin (b) and the particulate 
z inert materials of inorganic compound fc) , and ma y ha a laminated film laminated with other polyme rs. In case 

^ftfth the laminated film, the layer made of the comp osition is laminated with other polymers so that it forms surfac e 

^ 1 layerof one or both side of the film. Such tilm advantageous in mat th¥ transparency of the^film is improved 

- ^ ^ a s well as econom ic~As4fre^nef-pelv^^ resins are generally applied such as 

' ^ 35 PFT PRT PPM flnH PPT QfflprfAH firnm thp nrnun inrlnHinn tho thormnnlaeHr nnluoetor rocin /a\ 



^fafLf ' 35 PET, PBT, PEN, and PCT selected from the group including the thermoplastic polyester resin (a). 

c Y~\ The surface-roM ghened film of the present invention is made bv means of drawing an undrawn film com - 

J ~ V/^^ P rfein 9 tne composition of the thermoplastic polyester resin (a) and the thermoplastic resin (b) or the com do- J f&J^t 
P 0> T si tion of the thermoplastic polyester resin (a), the thermoplastic resin (b), and the particulate inert materials of & J<gJ< 

' inorga nic ^ppgnd (r) nr hy maanc nf drawing an undrawn laminate-film with the layer made of the compo- *^ 

40 sitionjind the other polymar layar at a tan^perature in the rang e of Tg of the thermoplastic polyester resin (a) 
through Tg of the thermoplastic resin (b). More particularly, the method used herein is applies to fuse and mix, 
in a single or twin screw extruder, the thermoplastic polyester resin (a) and the thermoplastic resin (b), or the 
thermoplastic polyester resin (a), the thermoplastic resin (b), and the particulate inert materials of inorganic 
compound (c) to cause fine dispersion of the thermoplastic resin (b) in the thermoplastic polyester resin (a). 
45 The resulting composition alone or with other polymers, if being laminated, is melt extruded into a film by using 

a a T-die or a circular die to cool with a casting roll or cooling liquid/air. The resulting undrawn film has relatively 
smooth surfaces, which becomes irregular by being drawn . In this event, it is required that the drawing tem- 
» r , 0 ( Jrlperature is in the range of Tg of the thermoplastic polyester resin (a) through Tg of the thermoplastic resin (b). 
(j The drawing is not effectively made at a temperature lower than Tg of the thermoplastic polyester resin (a), 

t/ \& J 50 while desired surface irregularities is not readily caused at a temperature higher than Tg of the thermoplastic i / 

\* resin (b).^A draw r atio is a factorof ana anrt half nr mnra in hnth inngihiHinai a,n d transversal directions (i.e . j2> x aM 

myhina and cro^S tiirartinpfi) fnr.nniaviai ^rgwjnn . Biaxial drawing is desirable where the better film can be j j ^ *J 
obtained.. In this event, it is desirable to draw the film by not less than a factor of one and half, and preferably, /^jfi^^do^ 

by not less than a factor of three in both longitudinal and transversal directions. 1 ^ P 

Any^ one of the drawing meth od can be available such as the uniaxial drawingTseguential biaxial drawing^ 
and (Simultaneous bia xial drawingTtisaddition, various types of drawing machines can be used such as a twin 
roll uniaxial drawing machine, a tenter transversal drawing machine, simultaneous biaxial drawing machine, 
and a tubular simultaneous biaxial drawing machine. 
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When using only the particulat inert materials of inorganic compound (c) as the anti- blocking agents, a 
haze (Hz) of a well-transparent film is in the rang of 0.3 to 2.5 %. However, the film of the type described tends 
to cause protuberances on a rolled film upon rolling up the film due to a static friction coefficient by line press 
method of more than 2.5, which may be a defect that the well-rolled film is not readily obtained. 

In the surface-roughened film according to the present invention, Hz of the film thickness converted value 
is, as a 100 (^m converted value, 0.3 to 2.5 %, the static friction coefficient by line press method (jis-2) under 
loading of 1 ,000 g/cm is less than 2.4, and a gloss rate (G%) is 180 to 250 %. 

According to the surface-roughened film and the method for fabricating such film of the present invention, 
it can be realized to manufacture the surface-roughened film with addition of synthetic organic resins, which 
is difficult by using a conventional methods. Such film has considerably variable in various industries in its work- 
ing properties, mechanical properties, lubricity and transparency of the resultant film. 

The surface-roughened film provided in accordance w ith the present inve ntion is useful for a photoengcay- 
Jng material, a label, a wrapping film, ajxiarjnfttiG^reco^^ ana a"lfearfflrn or other products . 

Detailed description will be made with some examples. ^ " 

(Thermoplastic polyester resin) 



■thermoplastic polyest er resin te Vused in this embodiment is given in the following Table 1 . 



TABLE 1 



Thermoplastic polyester Intrinsic 
resin Viscosity 



30 



Critical 
Surface 
Tension 
(dyne/cm) 



Tg 



40 




A-l Polyethylene 

terephthalate 



A-2 Polyethylene 
naphtha late 



0.78 



0.70 



41 



70 



38 



120 



45 



50 



55 



(Synthesis of amorphous nylon) 

Prepared in a reactor was a raw material of 1 0 kg containing 1,3-benzenedicarboxylic acid (isophthalic acid) 
of 45 mol%, 1,4-benzenedicarboxylic acid (terephthalic acid) of 5 mol%, hexamethylene diamine of 45 mol%, 
bis(4-amino-3-methylcyclohexyl) methane of 5 mo!% and acetic acid of 0.015 mol% with pure water of 8 kg to 
purge the air within the reactor by using nitrogen. The temperature was raised up to 90 °C to react for about 
five hours, then the reaction temperature was gradually raised up to 280°C for over ten hours under pressure 
(18 bar) agitating in the reactor. The pressure was decreased to atmospheric pressure to polymerize for six 
hours at the same temperature. After the reaction, nylons were taken from the reactor to be cut into pellets. 
The relative viscosity of this nylon (B-1), measured at a level of 1g/dl in m-cresol at a temperature of 20°C, 
was 1 .50 and Tg was 150°C. 

The other amorphous nylons were polymerized in the same manner. The result is shown in Table 2. 
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TABLE 2 





1 2 


3 


4 5 


6 7 8 Melt 

Viscosity (poise) 


Tg 

CC) 


B-l 


45 5 


45 


5 - 


- - - 2600 


150 


B-2 


15.5 32 


29 




5 13.5 - 2500 


167 


B-3 


50 






- - 50 5000 


177 


B-4 


45 


45 


5 5 


- - - 2000 


118 


B-5 


45 5 


45 


5 - 


- - - 450 


150 



1 . . .isophthalic acid 

2. . .terephthalic acid 

3. . .hyxamethylenediamine 

4. . .bis(4-amino^3-methylcycl<Aexyl)methane 

5. . .sebacic acid 

6. . .caprolactam 

7. . .3-aminomethyl-3,5 ( 5-triroethylcyclohexylamine 



8. . . methaxylened i amine 



^jSynthesfs of maleimide copolymeric resin) ^ > 

Approximately 1 00 parts of stylene, approximately 67 parts of maleic anhydride, 0.2 parts of benzoyl per- 
oxide, and 300 parts of methyl ethyl ketone (MEK) were reacted in nitrogen atmosphere for 10 hours at a tem- 
perature of 80°C. The resultant polymer was added with 1.2 parts of triethytamine and 46.2 parts of aniline 
and reacted for 6 hours at a temperature of 130 °C to obtain the maleimide copolymeric resin (C-3). Other mal- 
eimide polymeric resins were made in the same manner. The result is given in Table 3. 
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TABLE 3 



Copolymer Monomer Composition (mol%) 



Aromatic maleimide unsaturated Other Tg Melt 
vinyl monomer dicarboxylic Monomers*(°C) Viscosity 
monomer acid (poise) 



Z-l 


ST 30 


NFM 50 




MMA 20 


200 


11000 


2 


ST 50 


NPM 5 


MAH 45 




203 


12000 


3 


ST 60 


NPM 40 






197 


9000 


4 


ST 50 


NFM 30 


MAH 20 




203 


12000 


5 


ST 40 


NPM 60 










6 


ST 90 


NFM 10 






120 


2500 


7 


ST 30 


NPM 10 


MAH 60 








8 


ST 10 


NPM 30 




MMA 60 






9 


ST 95 




MAH 5 




90 


2300 


10 


VT 50 


NPM 50 






203 


12000 


11 


ST 50 


NTM 50 






203 


12000 


12 


ST 60 


NFM 40 






198 


55000 



ST :stylene 

VT : vinyl toluene 

NPM :N-phenylmaleimide 

NTM:N-tolylmaleimide 

MAH:maleic anhydride 

MMArmethyl methacrylate 

* = copolyraerizable monomers 
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(Synthesis of amorphous polyolef in) 

To 6-ethylbicyclo[2.2.1]hepto-2-ene of 60g and one liter of toluene, a vanadium compound of 
VO(OC2H 5 )CI 2 and ethylaluminium sesquichloride were added with the ratio of 1 mmol per liter and 4 mmol per 
5 liter, respectively, in the prepared composition to be reacted. 40 liters of ethylene per hour and 80 liters of ni- 
trogen per hour was provided to the reactor to react the composition therein. The copolymerization were con- 
tinuously conducted at a temperature of 10°C. Subsequently, a little amount of methanol was added to inhibit 
polymerization. A ring olefin copolymer (D) was obtained by percipitating the aimed amorphous polyolef in using 
a large amount of acetone/methanol. The resultant copolymer and its properties are shown in Table 4 below. 

10 

TABLE 4 



15 

Copolymer Cyclic olefin Ethylene contents in Melt Tg 

Cyclic olefin Viscosity °C 

20 copolymer (mol%) (poise) 



D 6-ethylbicyclo 62 2500 100 

C2.2.1]hepto-2-ene 



30 Measuring devices and methods used in this embodiment are as follows: 

(Dispersed particle diameter) 

The dispersed particle diameter was determined from an electron micrograph of sample rupture cross- 
35 section by using a scanning electron microscope JSM-15, obtained from the JEOL Ltd. 

(Surface roughness) 

It was determined in accordance with the method defined in JIS B 0601 f 19761 using a surfq c° ™ >, a hnoo ° 
40 te ster obtained from the KOSAKACo. Ltd. with a spylus of 2 u,mR in radius, 10mg in pressure, and at a 50.0 00 
h eight magnif ication. 

(Haze, Hz) 

45 It was determined in accordance with ASTMD1 003-61 using a Haze meter available from the TOKYO DEN- 

SHOKU Co. Ltd. 

(Friction coefficient) 

so Using a friction meter sold by the Shinto Kagaku Ltd. under the name of HEID0N-14S/DR, a static friction 

coefficient by plane press method (ns-1) was measured with a flat shape indenter of 3x3cm 2 and the static 
friction coefficient by line press method (us-2) was measured with a straight shape indenter of 15mm in radius 
and 10mm in length. They were measured under the condition where loading was 1kg and the moving speed 
of 1 50 mm/min. 

55 

(Refraction Index) 

Measured in film of 250 nm in thickness by using an Abbe's refractometer IT sold by the ATAGO Ltd. 
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(Clitical Surface Tension) 

Measured at a temperature of 20°C and a relative humidity (RH) of 50% using an automatic contact angle 
meter CA-Z by the Kyowa Interface Science Co. Ltd. 

5 

(G%) 

The Gloss rate at an angle of incidence to the film of 20 degree was measured using a gloss meter GM- 
30 sold by the Murakami Color research Laboratory Ltd. 

10 

(Melt Viscosity) 

It was measured using a flow tester C FT- 500 sold by Shimadzu Corp. with an orifice of 0.5 mm d> in di- 
ameter and 2mm in height at a temperature of 280°C. 
15 (Evaluation for protuberances: the number of protuberances on the surface of 1 ,000m wind roll having a width 
of 1m) 

Meaning of the symbols are: 
X: protuberances were found under the condition that contact pressure of 10kg/m and tension of 1 0kg/m 
on film slitting; 

20 O: no protuberances were found under the condition that contact pressure of 1 0kg/m and tension of 1 0kg/m 
on film slitting and less than five protuberances were found under the condition that contact pressure 
of 20kg/m and tension of 20kg/m; and 
©: no protuberances were found under both conditions that contact pressure of 10kg/m and tension of 
10kg/m and that contact pressure of 20kg/m and tension of 20kg/m. 

25 

(Examples 1 to 3) 

The thermoplastic polyester resin of 95 wt% and amorphous nylons (B-1 to B-3) of 5wt.% were melt 
and blend into pellets at a temperature of 280°C using a biaxial kneading extruder. Thereafter the resultant 

30 pellets and the thermoplastic (A-1) were formulated under the additive ratio of the amorphous nylon set forth 
below in Table 5 by means of two-kinds-three-layer T-die using two extruders of 50mm <X> and 65mm<X>. A three- 
layer laminated polyester film having thickness of 700 um were obtained, where the mixed pellets were formed 
as outer layers (56 u.m x 2) and PET (A-1) was formed as an inner layer (588 um). In order to measure the 
diameter of particles of the thermoplastic resin dispersed in the undrawn film, the size were determined from 

35 an electron micrograph of the rupture cross-section of a sample obtained by exposeing the undrawn film to 
frost-rupture in liquid nitrogen along takeup direction or machine direction (MD) of the film. The undrawn film 
was then drawn in longitudinal direction (machine direction) by a factor of three and half using a longitudinal 
drawing roll at a temperature of 90°C and succeed ingly drawn in transversal direction (cross-direction) by a 
factor of four using a transversal tenter drawing machine at a raised temperature of 120°C. 

40 Formulations, properties of the thermoplastic resin (amorphous nylon), dispersed particle diameters of the 

thermoplastic resin and properties of the drawn films are shown in Tables 5 to 8. It is clear from these tables 
that the film fabricated in accordance with the present invention exhibits superior surface roughness, haze, 
static friction coefficient by line press method, and protuberance free surface when compared to controls, with 
respect to contents, the clitical surface tension and the melt viscosity defined by the present invention, and to 

45 a preferred specific condition of the refractive index and the dispersed particle diameter. 

(Control 1) 

The thermoplastic polyester resin prepared with A-2 and the thermoplastic resin prepared with B-4 were 
so palletized after being kneaded in the same formulation as Examples 1 to 3. Thereafter, the undrawn film was 
obtained in the same manner as described in Examples 1 to 3 using the thermoplastic polyester resin A-2 for 
the inner layer. The film was drawn under the same condition as described in Examples 1 to 3 except that the 
drawing temperature for the longitudinal roll was 1 30°C and that for the transversal tenter extruder was 150°C. 
The properties of the drawn film are shown in Table 7. It can be seen from Table 7 that thermoplastic resins 
55 having Tg of lower than that of the thermoplastic polyester resin exhibited high transparency whereas the lu- 
bricity was not preferred and some protuberances were found. 
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(Control 2) 

The drawn film was prepared in the same manner as described in Examples 1 to 3 except that a nylon6 
(Tg of 45 °C) was used as the thermoplastic resin. 
5 Like the foregoing control 1 , thermoplastic resins having Tg of lower than that of the thermoplastic polyester 

was used resulting the high transparency, whereas the lubricity was not preferred and some protuberances 
were found. 

(Controls 3 to 5) 

10 

The drawn film was prepared in the same manner as described in Examples 1 to 3 with the thermoplastic 
polyester resin and the thermoplastic resin as set forth in Table 5 in accordance with the ratio as set forth in 
Table 5. The result is shown in Table 7. It was found that the resultant film inevitably exhibited excessive haze 
under the condition that the contents and the melt viscosity of the thermoplastic resin was over the range de- 
15 fined by the present invention, while only the film having protuberances on its surface was obtained even when 
the haze was lower than 2.5%. 

(Controls 6 to 8) 

20 Silica SY-1 50 sold by Nippon Shokubai Co. Ltd. was added to the thermoplastic polyester resin (A) on its 

polymerization and a silica master pellet was substituted for the thermoplastic resin (b) in Examples 1 to 3 to 
obtain the drawn film in the same manner as described in Examples 1 to 3. The processing conditions are given 
in Table 5 and the results in Table 7. 

It was found from these controls that the film of high quality was not obtained because protuberances were 
25 generated on the surface of the film roll or the haze were higher than 2.5 %. 

(Examples 4 to 10) 

The drawn film was fabricated in the same manner as described in Examples 1 to 3 except that the silica 
30 set forth in Tables 5 and 6 was added at a concentration set forth in Tables 5 and 6 with a preformed master 
pellet like the foregoing Example 2. The results are shown in Tables 7 and 8. It was found that advantageous 
effects and superior results were obtained by means of coexisting the thermoplastic resin and the particulate 
inert materials of inorganic compound at the volume defined by the present invention in the thermoplastic poly- 
ester resin. 

35 

(Control 9) 

The same processing was made as Example 4 besides that the silica having the larger particle diameter 
than that defined by the present invention as shown in Tables 6 and 8. As a result, it was found that the film 
40 exhibited lower transparency as well as good lubricity when being coexisted with the thermoplastic resin (b) 
defined by the present invention. 

(Control 10) 

45 The same processing was made as Example 4 besides that the thermoplastic resin having the Tg as shown 

in Tables 6 and 8. As a result, it was found that the film exhibited disadvantageous lubricity as well as high 
transparency of the film and some protuberances were generated when being coexisted with the silica defined 
by the present invention. 

so (Examples 11 to 14) 

\/^t { ^ ^ Tables 6 a ntj R ffh nwfi th n t thn tmnTrtnmn nY n nd th n lu bricity of th n f il m wn n not n ff n r tn ri hy m i n q th n m rri 
^ Jj^ eimide copolymeric resin and the amorphous polyolef in as the thermoplastic resin (b). ^ 

55 (Control 11) 

The film was prepared in the same manner as Example 4 besides that the drawing was made only with 
the longitudinal drawing roll for 1.4 times. Some protuberances were found on the film surface. 
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(Control 12) 

The same processing was made as Example 1 besides that the maleimide copolymeric resin (C-12) having 
the melt viscosity greater than that defined by the present invention was used as the thermoplastic resin (b). 
5 As a result, it was found that the transparency of the film was degraded with the particles of larger particle 
diameter. 

(Control 13) 

w The same processing was made as Example 4 besides that the silica of 0.1 \xm in diameter. As a result, it 

was found that the properties of the film was similar to that in Example 2 with the particulate inert materials of 
inorganic compound having the diameter of smaller than the range defined by the present invention, only to 
exhibit it is not effective to add the particulate inert materials of inorganic compound. 

15 
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(Examples 15 to 17) 

PET (A-1) and the amorphous nylon (B-1) were melt and mixed into pellets using a biaxial kneading ex- 
truder at a temperature of 280°C in a different mixture ratio. 

Subsequently, these pellets were melt at the same temperature of 280°C using an extruder of 50 mm <D 
and extruded from a T-die into the film having a thickness of approximately 500 um. The resultant undrawn 
film was uniaxial I y drawn by a factor of three using a two-roll uniaxial drawing machine at a temperature of 
90°C. Film properties are shown in Table 9 f where it can be found that these drawn films are superior in the 
mechanical properties, lubricity and transparency. 



TABLE 9 



45 



Case No. 



Weight ratio of 
(A-1): (B-1) 



Mechanical 
Properties 



Hz fi s-i 
«) 



20 



Example 15 


99.9:0. 


.1 


well 


1. 


.0 


0.57 


0.63 


Example 16 


99.0:1. 


0 


well 


1. 


5 


0.49 


0.56 


Example 17 


97.0:3. 


0 


well 


2. 


5 


0.40 


0.50 



30 (Example 18) 



35 



The undrawn film like Example 17 was simultaneously drawn in both longitudinal and transversal directions 
by a factor of 3.3 at a temperature of 1 00°C, and was heatset thereafter at a raised temperature of 230°C. The 
properties of the resultant drawn film were well as shown in Table 10. In this event, the measuring direction is 
the longitudinal direction of the film. 
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TABLE 10 



10 



15 



20 



Unit Value 

L* T* 



Breaking Strength kg/ran 2 21 20 

Breaking Extension % 135 120 

Heat Shrinkage % 1,4 o.l 
(160^ x 15 rain.) 

US-2 0.53 



* L= longitudinal direction T=transversal direction 

25 

(Example 19) 

With a co-extruding film fabricating device having three extruders of 40 mm <X> , an undrawn laminated film 
was fabricated such that the polyethylene terephthalate layer of 300 um was laid between 100 um layers of 
30 mixed resin of which composition was identical to that of Example 16. This undrawn film was longitudinally 
drawn by a factor of 3.3 using a roll-type longitudinal drawing machine at a temperature of 90°C. Subsequently, 
it was transversally drawn by a factor of 3.4 using a tenter drawing machine at a raised temperature of 100°C 
to immediately carry out heatsetting. 

The surface roughness of the drawn film was relatively high as shown in Table 11 and the lubricity thereof 
35 was adequate, tn this event, the measuring direction was the longitudinal direction of the film. 



40 



45 



50 
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TABLE 11 



Unit Value 

L* T* 



Breaking Strength kg/nm 2 24 23 

Breaking Extension % 120 115 

Heat Shrinkage % L0 0.1 
(160°C x 15 min.) 

US-2 0.78 



* L=lcngitudinal direction T=transversal direction 

(Example 20, Controls 14 and 15) 

An uniaxial drawing test was conducted using the amorphous nylon (B-4) and (B-1) and PEN (A-2) in a 
similar manner as the Examples 15 to 17 under the composition and temperature set fort in Table 12. As clearly 
shown from Table 12, Tg and the drawing temperature of the amorphous nylon plays an important role to rough- 
en the film surface. 



TABLE 12 



Case No. Weight ratio of Drawing #s-l ns-2 

(A-2): (B-1): (B-4) Temperature CC) 



Example 


20 


99 


: 1 


.0 


: 0 


140 


0.52 


0.60 


Control 


14 


99 


: 1 


0 


: 0 


160 


1.2 


3.31 


Control 


15 


99 


: 0 




1.0 


140 


1.2 


3.38 



camples 21 to 23) 



PET (A-1) and the maleimide copoly meric resin (C-3) were melt and mixed into pellets using a biax ial 
k neading extruder at a temperature of 28Q?u in a different mixture rati o. 

Subsequently, these pellets were melt at the same temperature of 280°C using an extruder of 50mm O 
and extruded from a T-die into the film having a thickness of approximately 500 urn. The resultant undrawn 
film was uniaxially drawn by a factor of three using a two-roll uniaxial drawing machine at a temperature of 

22 
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90°C. Compositions are shown in Table 13, where it can be found that these drawn films were superior in the 
mechanical properties and transparency. In addition, no measured static friction coefficient were larger than 
1.0. This means that the films have considerably high lubricity. 

TABLE 13 



Case No. Weight ratio of Tensile Hz (is-1 #s-2 

(A-l):(C-3) Strength (%) 
(Kg/mm 2 ) 



Example 21 


99. 


.9:0.1 


21 


1 


.0 


0.57 


0.5B 


.Example 22 


99. 


.0:1.0 


22 


1 


.5 


0.49 


0.48 


Example 23 


97. 


.0:3.0 


20 


3 


.1 


0.40 


0.41 



(Measuring direction : The longitudinal direction of the film) 

(Example 24) 

The undrawn film like Example 23 was simultaneously drawn in both longitudinal and transversal directions 
by a factor of 3.3 at a temperature of 100°C, and was heatset thereafter at a raised temperature of 230°C. The 
properties of the resultant drawn film were well as shown in Table 14. 

TABLE 14 



Unit Value 

L* T* 



Tensile Strength kg/mm 2 22 21 

Breaking Extension % 120 115 

Heat Shrinkage % 1.2 0.1 

(160°C x 15 rain.) 

fis-2 0.52 



* L=longitudinal direction T=transversal direction 
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(Examples 25 to 29 and Controls 16 to 19) 

J^ET (A-1) and the maleimide co polymeric resin at a ratio of 99.9:0.1 were fa bricated into the undrawn film 
in accordance with the method as described in Examples 21 to 23, and also fabricated into the drawn film in 
5 accordance with the method as described in Example 24 to clarify the effects of each maleimide copolymeric 
resins. The results are shown in Table 15. From Table 15, it was found the optimum drawability and properties 
of films were achieved with the maleimide copolymeric resin having following composition: maleimide monomer 
of 5 to 50 mol%, unsaturated dicarboxylic anhydride monomer groups of 0 to 50 mol%, aromatic vinyl monomer 
groups of 30 to 90 mol%, and other copolymerizable monomer groups of 0 to 50 mol %, and any other con- 
fa centration more or less adversary affected to degrading of drawability and performance of the film. 

TABLE 15 

15 

Case No. Maleimide Drawability Tensile Hz fis-l us-2 

Copolymer Strength (%) 

20 (Kg/mm 2 ) 



Example 


25 


C-l 


well 


23 


1 


.3 


0.49 


0.56 


Example 


26 


C-2 


veil 


20 


1 


.2 


0.48 


0.56 


Example 


27 


C-4 


well 


23 


1 


.2 


0.50 


0.57 


Example 


28 


C-10 


well 


22 


1 


.0 


0.48 


0.56 


Example 


29 


C-ll 


well 


24 


1. 


0 


0.47 


0.55 


Control 


16 


C-5 


broken 












Control 


17 


C-7 


broken 












Control 


18 


C-8 


broken 












Control 


19 


C-9 


well 


9 


1. 


5 


2.10 


6.76 



45 




With a co-extruding film fabricating device having three extruders of 40 mm O , an undrawn laminated film 
was fabricated such that the polyethylene terephthalate layar of 300 \im was laid hfttwftftn mn [.nrj layers of 
mixed resin of which com position was identical to that of Example 22. This undrawn film was longitudinally 
drawn by a factor ot 3.3 using a roll-type IQnditUdinai orawing machine at a temperature ot 9U U U. SubsedUeliBvT 
so jtwas transversallv dr awn by a factor nf ft,4 using a tan ter drawino machine at a raised temperature of 100°C 
to immediately carry out heats etting. 

The surface roughness of the drawn film was relatively high as shown in Table 16 and the lubricity thereof 
was adequate. Further, the mechanical properties are also superior as shown in Table 16. 

55 
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TABLE 16 





Unit 


L* 


Value 


T* 


Tensile Strength 


kg/mm 2 


24 




22 


Breaking Extension 


% 


130 




125 


Heat Shrinkage 


% 


1.0 




0.1 


(160°C x 15 min.) 










HS-2 






0.53 





* L=longitudinal direction T=transversal direction 



(Example 31 and Controls 20 and 21) 

An uniaxial drawing test was conducted using the maleimide copolymeric resin (C-3) and (C-6) and PEN 
(A-2) in a similar manner as the Examples 21 to 23 under the composition and temperature set fort in Table 
1 7. As clearly shown from Table 1 7, Tg and the drawing temperature of the amorphous nylon plays an important 
role to roughen the film surface. 

TABLE 17 



Case No. Weight ratio of Drawing #s-l /zs-2 

(A-2) : (C-3) : (C-6) Temperature 

OC) 



Example 31 99 : 1.0 : 0 140 
Control 20 99 : 1.0 : 0 200 
Control 21 99 : 0 : 1.0 100 



Claims 

1. A surface-roughened film of a composition (I) containing 97 to 99.99 wt. % of a thermoplastic polyester 
resin (a) and 0.01 to 3 wt.% of a thermoplastic resin (b) having a glass transition temperature higher than 



0.52 0.57 
1.2 3.51 
1.2 3.51 
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that of said thermoplastic polyester resin (a), a critical surface tension which differs by more than 0.1 
dyne/cm from that of said thermoplastic polyester resin (a), a melt viscosity at a temperature of 280°C 
and shear rate of 1 0 2 sec- 1 , of 50 to 5000 Pas (500 to 50,000 poise), said film having microprotuberances 
cored with said thermoplastic resin (b) on a surface of said film. 

2. A film according to claim 1 , wherein the three dimensional center plane average roughness (SRa) of said 
surface film is from 0.005 to 0.05 um, and the three dimensional ten point average roughness (SRz) is 
from 0.06 to 0.4 u.m. 

3. A film according to claim 1 which is of a composition (II) containing 96.9 to 99.9899 wt. % of said thermo- 
plastic polyester resin (a), 0.01 to 3 wt. % of said thermoplastic resin (b) and 0.0001 to 0.1 wt. % of particles 
of an inorganic compound (c) having an average particle size of 0.2 to 4.0 pm. 

4. A film according to claim 3, wherein said inorganic compound (c) is silica. 

5. A film according to claim 3 or 4, wherein the three dimensional center plane average roughness (SRa) of 
said surface is from 0.007 to 0.07 urn, and the three dimensional ten point average roughness (SRz) is 
from 0.1 to 0.5 jim. 

6. A film according to any one of claims 1 to 5 wherein said thermoplastic resin (b) is an amorphous nylon, 
a maleimide copolymeric resin or an amorphous polyolef in. 

7. A film according to any one of claims 1 to 6 wherein the refractive index of said thermoplastic resin (b) is 
from 1.45 to 1.68. 

8. Af ilm according to any one of claims 1 to 7 wherein the mean dispersed particle size of said thermoplastic 
resin (b) is from 0.01 to 1.0 |im. 

9. A laminate comprising at least one surface-roughened film as claimed in any one of the preceding claims, 
with said surface on an outer surface of the laminate, and at least one film of another polymer. 

10. A laminate according to claim 9 wherein said another polymer is a thermoplastic polyester resin. 

11. A method for fabricating a surface-roughened film as claimed in any one of claims 1 to 8 which comprises 
drawing an undrawn film of a composition (I) or (II) by at least 1.5X in at least one direction at a temperature 
between the glass transition temperatures of the resins (a) and (b). 

12. A method according to claim 11 wherein the drawing ratio is higher than 3X in both axial directions. 
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